The modification of rubber mixes with ingredients based on alkenylated shale alkylresorcinols increases considerably the adhesive strength of rubber-metal cord systems (refs. 1 and 2). The present authors have synthesised and tested in rubber compounds new oligomeric phenol-amine (hexaresorcinol) resinscondensation products of alkenylated resorcinol and its homologues with urotropin, modified by reaction with epichlorohydrin.
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The modification of rubber mixes with ingredients based on alkenylated shale alkylresorcinols increases considerably the adhesive strength of rubber-metal cord systems (refs. 1 and 2). The present authors have synthesised and tested in rubber compounds new oligomeric phenol-amine (hexaresorcinol) resinscondensation products of alkenylated resorcinol and its homologues with urotropin, modified by reaction with epichlorohydrin.
The alkenylating agent used was piperylene (pentadiene-1,3), sufficiently active under conditions of acid-catalysed reactions of aromatic electrophilic substitution owing to the comparatively ready formation of a mesomer-stabilised carbocation intermediate. The alkenylatable component was Alkirez -a technical mixture of resorcinol derivatives, the consumer quality of which as feedstock in alkenylation is determined by the relative content of two key components -5-methylresorcinol and 2,5-dimethylresorcinol.
It was established that the rate of alkenylation by piperylene decreases in the following order: resorcinol > 5-methylresorcinol >> 2,5-dimethylresorcinol. Here, the considerably lower reactivity of 2,5-dimethylresorcinol is quite regular, whereas the greater reactivity of resorcinol compared with 5-methylresorcinol has no satisfactory explanation. As a result of this difference in the reactivity of 5-methylresorcinol and 2,5-dimethylresorcinol, Alkirez with a relatively low content of 5-methylresorcinol is alkylated at a markedly lower rate, on account of which there is an increase in the duration of the reaction, in the consumption of alkylating agent (piperylene), and in the electrical energy consumption on heating the reactor, and undesirable byproducts are formed.
"Refinement" of the feedstock (increase in its quality, i.e. reactivity) with a high relative content of 2,5-dimethylresorcinol can be achieved by introducing resorcinol (up to 30 wt.% of Alkirez, depending on its composition). Comparison of the indices of vulcanisates of rubber mixes in preliminary experiments on hightemperature, steam-air, and salt ageing, simulating the actual service conditions of metal cord tyres on Russian roads, reveals a considerable deterioration in the adhesion properties of resins synthesised from Alkirez with a relatively low content of 5-methylresorcinol. At the same time, the introduction into low-quality Alkirez of comparatively small amounts of resorcinol makes it possible to produce resins with whose use in the formulation of breaker rubber the bond strength of vulcanisates to metal cord under any conditions corresponds to standard modifying system RU + cobalt-containing component.
Alkenation was carried out by the following improved procedure. A quantity of 1 mol alkenylated alkylresorcinol feedstock (130-140 g, depending on its composition) was introduced into a four-tube, round-bottomed flask of 250-500 ml capacity, equipped with a mechanical stirrer, a reflux condenser, a thermometer reaching down to the bottom of the flask, and a drop funnel, and was heated until it had melted entirely (100-110°C). After the introduction of 0.25 mol (29.5 g) of 85% phosphoric acid, during vigorous stirring, piperylene was gradually added from the drop funnel, maintaining the temperature of the reaction mixture at a level of 138-140°C and regulating the feed rate of the reagent according to the intensity of condensate formation. The overall quantity of piperylene was 1 mol (68 g), and the total time of its addition to the reaction mixture was about 2 h. At the end of piperylene introduction, the reaction mixture was held at 160°C for 1 h. The yield of alkenylation product -ArP -was almost 100% (about 200 g), and the degree of alkenylation was 90-100%.
The condensation with urotropin of the alkenylated alkylresorcinols was carried out in a marble pot with the molten alkenylation product heated to 115°C. In the absence of external heating, 0.25 mol (17.5 g) of urotropin was added in small portions during intense stirring over a 10 min period. As the exothermic reaction proceeded, the temperature of the reaction mixture was raised to 140-145°C. The condensation product -ArP-U -is an oligomer with a degree of polymerisation of 3-4 and a softening point of 100-110°C.
Epoxidation was carried out in the following way. A quantity of 92.5 g epichlorohydrin (1 mol of reagent per 1 mol of phenolic (alkylresorcinol) units of the resin) was introduced in portions into molten alkenylated hexaresorcinol resin ArP-U during intense mixing, after which the temperature of the reaction mixture was raised to 160-165°C. Subsequent occurrence of the reaction in the absence of external heating was accompanied with a spontaneous increase in the temperature of the reaction mass to 180-190°C, and in separate experiments to 220°C. Achievement of the maximum temperature and the start of subsequent cooling of the reaction mixture was considered to be the instant of the end of the reaction. (With account taken of the stoichiometric ratio (1:1) of the epoxidising agent and resorcinol units of the resin, the participation of a single phenolic hydroxyl group in each elementary unit of the resin is most probable.) The epoxidation product -resin ArP-UE -contains, in comparable quantities, fragments, including epoxy groups, and resorcinol units with free phenolic hydroxyl groups that have not entered into the epoxidation reaction. The practically identical drop point of resins ArP-U (before epoxidation) and ArP-UE (after epoxidation) indicates that the degree of oligomerisation remains unchanged in the course of the reaction.
A study was made of the influence of resins ArP-U (not containing epoxy groups) and ArP-UE (epoxidised) on the properties of breaker rubber mixes for radial small lorry tyres based on 80% SKI-3 polyisoprene rubber and 20% natural rubber ( Table 1) . It was shown that, compared with the standard modifying system containing 2 parts RU-1 + 1 part Disolen K, the use of systems with resins ArP-U and ArP-UE (2 parts) combined with 0.5 parts hexachloro-p-xylene (HCPX) leads to a considerable increase in the rubber-to-metal cord bond strength, which, combined with the higher fatigue strength, should promote an increase in the service life of rubber-cord systems.
The properties of vulcanisates produced using modifiying systems based on the relatively cheap and readily available feedstock correspond to the properties of the reference rubber compound. 
